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MAGNETIC DETECTION SYSTEM FOR USE IN CURRENCY PROCESSING 
AND METHOD AND APPARATUS FOR USING THE SAME 

Field of the Invention 

[001] The present invention relates generally to the field of currency processing systems 
and, more particularly, to a magnetic detection system for use in the processing of currency bills 
having magnetic attributes. 

Background of the Invention 

[002] Typical bill authentication devices which utilize the magnetic hysteresis 
properties of the material of a secured document — such as currency — employ at least one static 
magnetic field. Other bill authentication devices employ two static magnetic fields of the same 
or opposite polarities. The use of two magnetic fields allows for a measure of both the saturation 
magnetization and the non-saturated magnetization. Where fields of opposite polarities are 
employed, the choice of the reverse polarity field is such that not only the magnitude of the 
output is changed, but the polarity (phase) is also changed. In typical bill authentication devices, 
permanent magnets are used to create one or two static magnetic fields. 

Summary of the Invention 

[003] According to one embodiment of the present invention, a currency processing 
device having an input receptacle adapted to receive a stack of bills to be processed and a 
transport mechanism adapted to transport bills, one at a time, from the input receptacle along a 
transport path to at least one output receptacle is disclosed. The device comprises a 
denominating sensor disposed along the transport path adapted to obtain denominating 
information from each of the bills. The device further comprises a memory adapted to store 
master denominating information and master authentication information. The device further 
comprises a first magnetic scanhead disposed along the transport path downstream from the 
denominating sensor, the first magnetic scanhead being adapted to create a first magnetic field 
for saturating the magnetization of an area on each of the bills. The device further comprises a 
second magnetic scanhead disposed along the transport path downstream from the first magnetic 
scanhead, the second magnetic scanhead being adapted to create a second magnetic field of 
variable intensity, the second magnetic field being of opposite polarity from the first magnetic 
field. The device further comprises a controller being adapted to receive the denominating 
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information from the denominating sensor, the controller being adapted to determine the 
denomination of each of the bills when the obtained denominating information favorably 
compares to the stored master denominating information, the controller being adapted to adjust 
the second magnetic field intensity based on the determined denomination of each of the bills. 

[004] According to another embodiment of the present invention, a currency processing 
device having an input receptacle adapted to receive a stack of bills to be processed and a 
transport mechanism adapted to transport bills, one at a time, from the input receptacle along a 
transport path to at least one output receptacle is disclosed. The currency processing device 
comprises a denomination determining unit. The currency processing device further comprises a 
first magnetic scanhead disposed along the transport path, the first magnetic scanhead being 
adapted to create a first magnetic field for saturating the magnetization of an area on each of the 
bills, the first magnetic scanhead including a first sensor for measuring the flux of each of the 
bills in response to the first magnetic field. The currency processing device further comprises a 
second magnetic scanhead disposed along the transport path downstream from the first magnetic 
scanhead, the second magnetic scanhead being adapted to create a second magnetic field of 
variable intensity, the second magnetic field being of opposite polarity from the first magnetic 
field, the second magnetic scanhead including a second sensor for measuring the flux of each of 
the bills in response to the second magnetic field, the second magnetic scanhead being adjustable 
to vary the intensity of the magnetic field. The currency processing device further comprises a 
memory adapted to store master field strength information and master authentication 
information. The currency processing device further comprises a controller being adapted to 
determine the required field strength of the second magnetic field by comparing the determined 
denomination to the master field strength information, the controller being adapted to adjust the 
second magnetic field intensity based on the required field strength determination, the controller 
is adapted to determine a flux ratio of the first magnetic flux measurement to the second 
magnetic flux measurement, the controller being adapted to compare the determined flux ratio 
for each bill to the stored master authentication information. 

[005] According to another embodiment of the present invention, a method for 
determining the authenticity of currency bills with a currency processing device, the currency 
processing device adapted to determine the denomination of each of the currency bills is 
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disclosed. The method comprises transporting each of the currency bills past a first magnetic 
scanhead and a second magnetic scanhead located downstream from the first magnetic scanhead, 
the first magnetic scanhead including a first sensor, and the second magnetic scanhead including 
a second sensor. The method further comprises creating a first magnetic field for saturating the 
magnetization of an area on each of the bills. The method further comprises measuring with the 
first sensor die magnetic flux of the area on each of the bills in response to the first magnetic 
field. The method further comprises adjusting the intensity of the second magnetic field based 
on the denomination of each of the currency bills, the second magnetic field being of opposite 
polarity from the first magnetic field. The method further comprises measuring with the second 
sensor the magnetic flux of the area on each of the bills in response to the second magnetic field. 
The method further comprises determining a flux ratio of the first magnetic flux measurement to 
the second magnetic flux measurement. 

[006] According to another embodiment of the present invention, a currency processing 
device having an input receptacle adapted to receive a stack of bills to be processed and a 
transport mechanism adapted to transport bills, one at a time, from the input receptacle along a 
transport path to at least one output receptacle is disclosed. The currency processing device 
comprises a denominating sensor disposed along the transport path adapted to obtain 
denominating information from each of the bills. The currency processing device comprises a 
memory adapted to store master denominating information and master authentication 
information. The currency processing device comprises a first array comprising a plurality of 
magnetic scanhcads, the first array being disposed along the transport path downstream from the 
denominating sensor, the plurality of scanheads being adapted to create at least one first 
magnetic field for saturating the magnetization of an area on each of the bills. The currency 
processing device comprises a second array comprising a plurality of magnetic scanheads, the 
second array being disposed along the transport path downstream from the first magnetic 
scanhead, the plurality of magnetic scanheads being adapted to create at least one second 
magnetic field of variable intensity, the at least one second magnetic field being of opposite 
polarity from the at least one first magnetic field. The currency processing device comprises a 
controller being adapted to receive the denominating characteristic information from the 
denominating sensor, the controller being adapted to determine the denomination of each of the 
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bills when the obtained denominating characteristic information favorably compares to the stored 
master denominating characteristic information, the controller being adapted to adjust the second 
magnetic field intensity in each of the magnetic scanhead contained in a second array of 
magnetic scanheads based on the determined denomination of each of the bills and location of 
the magnetic area in the bill. 

[007] According to another embodiment of the present invention, a magnetic -election 
system for authenticating a document is disclosed. The magnetic detection system comprises a 
first magnetic scanhead being adapted to create a first magnetic field for saturating the 
magnetization of an area of a document. The magnetic detection system further comprises a 
second magnetic scanhead including an electromagnet, the electromagnet being capable of 
creating a second magnetic field of adjustable intensity, the second magnetic field being of 
opposite polarity from the first magnetic field. The intensity of the second magnetic field is 
adjusted by changing the amount of current supplied to the electromagnet. The amount of 
current supplied to the electromagnet is based upon a characteristic of the document to be 
authenticated. 

[008] According to another embodiment of the present invention, a magnetic scanhead 
for sensing a flux measurement of a document being transported past the scanhead is disclosed. 
The magnetic scanhead comprises a first pole piece perpendicular to the transport direction. The 
magnetic scanhead further comprises a second pole piece perpendicular to the transport direction 
and parallel to the first pole piece. The magnetic scanhead further comprises a middle section 
located between the first pole piece and the second pole piece. The magnetic scanhead further 
comprises a coil having a conductive core and an insulating material, the coil being twisted 
around at least a portion of the first pole piece, the coil having a plurality of ends. The magnetic 
scanhead further comprises at least one power supply wherein the plurality of ends of the coil are 
electrically connected to the power supply, the power supply being adapted to supply an 
adjustable and reversible D.C. electric current to the coil. The magnetic scanhead further 
comprises a sensor between the first pole piece and the second pole piece, the sensor being 
adapted to sense the flux measurement of the document being transported. 

[009] The above summary of the present invention is not intended to represent each 
embodiment, or every aspect, of the present invention. Additional features and benefits of the 
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present invention are apparent from the detailed description, figures, and embodiments set forth 
below. 


Brief Description of the Drawings 

[0010] FIG. 1 is a functional block diagram of a pair of magnetic sensors, according to 
one embodiment of the present invention. 

[0011] FIG. 2 is a flow chart describing the operation of a currency processing system 
according to one embodiment of the present invention. 

[0012] FIG. 3 is a functional block diagram of a currency processing system according to 
one embodiment of the present invention. 

[0013] FIG. 4 is a function block diagram of a pair of optical sensors for use with the 
currency processing system of FIG. 3 according to one embodiment of the present invention. 

[0014] FIG. 5 is a functional block diagram of a currency processing system according to 
one embodiment of the present invention. 

[0015] FIG. 6 is a perspective view of a single-pocket currency processing device 
incorporating the currency processing system of FIG. 3 according to one embodiment of the 
present invention. 

[0016] FIG. 7 is a perspective view of a two-pocket currency processing device 
incorporating the currency processing system of FIG. 3 according to another embodiment of the 
present invention. 

[0017] FIG. 8 is an example of a hysterisis curve for a document containing magnetic 
material. 

[0018] FIG. 9 is an example of a hysterisis curve for a document containing magnetic 
material. 

[0019] While the invention is susceptible to various modifications and alternative forms, 
specific embodiments are shown by way of example in the drawings and are described in detail 
herein. It should be understood, however, that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the invention defined by the appended claims. 


- 5 - 



WO 2006/039439 


PCT/US2005/035091 


Detailed Description of the Illustrated Embodiments 

[0020] To measure currencies containing different magnetic materials, the field 
requirements may be different, and preferably, variable. To test currencies containing different 
magnetic materials, the permanent magnets must be changed to create the required fields. 

[0021] According to various embodiments of the present invention, a variable intensity 
magnetic scanhead (e.g., an electromagnetic scanhead), a magnetic detection system for 
authenticating documents — such as currency bills — incorporating the variable intensity magnetic 
scanhead, a currency processing device incorporating the magnetic detection system, and a 
method for using the magnetic detection system are disclosed. Generally, in one embodiment of 
the present invention a denominating sensor is used to identify the denomination of a currency 
bill and a magnetic scanhead is used to determine the authenticity of the currency bill based on 
its identified denomination. And generally, in another embodiment, the denomination of a 
currency bill is manually input by an operator of the device and a magnetic scanhead is used to 
determine the authenticity' of the currency bill. 

[0022] Turning now to the drawings, and initially to FIG. 1, a magnetic detection system 
290 having multiple magnetic scanheads 300 and 320, is illustrated according to one 
embodiment of the present invention A document — for example, a currency bill 22 may be 
moved in the transport direction past the scan heads 300 and 320. As the bill 22 traverses the 
magnetic scanheads 300 and 320, the sensors effectively determine the magnetic properties 
across a dimension of the bill 22. 

[0023] The magnetic scanhead 300 includes a first pole piece 301, a second pole piece 
302, and a middle section 310 located between the pole pieces 301, 302. The pole pieces 301, 
302 are positioned perpendicularly to the transport direction, which is depicted by the arrow in 
FIG. 1. In one embodiment, the first pole piece 301 is constructed of a soft magnetic material, 
such as cold-rolled steel. And in one embodiment, the second pole piece is constructed of a soft 
magnetic material, such as cold-rolled steel. In some embodiments, the pole pieces 301, 302 are 
elongated and have a generally-regular cross-section (e.g., generally round, rectangular, 
polygonal). A coil 304, having a conductive core and an insulating material, is twisted around a 
portion of the first pole piece 301 in multiple revolutions. The ends of the coil 304 are 
electrically connected to a power supply 306 capable of sending an adjustable and reversible 
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D.C. electric current through the coil 304. In this embodiment, the magnetic scanhead 300 forms 
an electromagnet where at least a portion of the created magnetic field is produced by running 
current through the coil 304. 

[0024] In another embodiment, the first pole piece 301 is constructed of a permanent 
magnetic material. In some embodiments, the second pole piece is constructed of cold rolled 
steel, permalloy, or mumetal. In another embodiment, a second coil may be wrapped around the 
second pole piece 302. This second coil may be connected to the power supply 306 or a separate 
power supply may be connected to the second coil. 

[0025] The coil 304 may have as many revolutions around the first pole piece 301 as 
required to create the necessary field. According to one embodiment of the present invention, a 
coil 304 has about 1000 to about 8000 turns around the first pole piece 301. As is readily 
apparent to those of ordinary skill in the art, the greater the number of turns in the coil 304, the 
greater the magnetic field produced by a constant current. This value is referred to as the amp- 
turns, which is the applied current (in amps) multiplied by the number of turns in the winding. 
The magnetic scanhead 300 may be designed to utilize a wide range of D.C. current power 
supplies. 

[0026] In one embodiment of the present invention, a scanhead is provided with between 
about 0.0 amp-turns to about 0.1 amp-turns. In another embodiment, a scanhead is provided 
with between about 0.1 and about 2 amp-turns. In another embodiment, a scanhead is provided 
with greater than about 2 amp-turns until the magnetic saturation point of the pole piece (a 
function of the design and materials of the pole piece) is reached. The number of amp-turns 
required varies directly with the type and denomination of currency to be processed. Thus, the 
larger the required field, the greater the amp-turns that should be provided to the scanheads. 

[0027] Depending on the particular application, the coil may have numerous turns so as 
to reduce the D.C. current required to produce the field which, in turn, reduces the noise and heat 
created in producing the magnetic field. For example, it may be desirable to reduce the heat, 
circuitry, size, and radiated E-M noise, when the scanhead is incorporated into a currency 
processing system 10 (FIG. 3) or a currency processing system 400 (FIG. 5). 

[0028] According to one embodiment of the present invention, the coil 304 is wrapped 
around both the first pole piece 301 and the second pole piece 302. According to yet another 
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embodiment, a second coil is wrapped around the second pole piece 302 and both the coil 304 
and the second coil produce the desired magnetic field. 

[0029] The magnetic scanhead 300 includes a magnetic sensor 308 that is positioned 
adjacent the bill transport path 309 (shown by a pair of dashed lines in FIG. 1) for detecting the 
magnetic field of a passing currency bill 22. As the bill 22 travels past the magnetic sensor 308, 
the sensor 308 detects the presence of magnetic material. The magnetic sensor 308 samples a 
plurality of flux measurements from the passing bill 22 along a path parallel to the scan 
direction. A variety of currency characteristics can be measured using magnetic sensors 
including, for example, changing patterns in the magnetic flux of a bill, (U.S. Pat. No. 
3,280,974), patterns of vertical grid lines in the portrait area of bills, (U.S. Pat. No. 3,870,629), 
the presence of a security thread (U.S. Pat. No. 5,151,607), total amount of magnetizable 
material of a bill (U.S. Pat. No. 4,617,458), patterns from sensing the strength of magnetic fields 
along a bill (U.S. Pat. No. 4,593,184), and other patterns and counts from scanning different 
portions of the bill such as the area in which the denomination is written out (U.S. Pat. No. 
4,356.473). The U.S. Patents describing the detection of the above-recited magnetic attributes of 
currency bills are parenthetically mentioned after the items, each of these patent numbers is 
incorporated herein by reference in its entirety. 

[ 0030 ] In one embodiment, the magnetic sensor 308 is an unshielded magnetoresistive 
sensor used to measure the flux of the moving bill 22. Examples of magnetoresistive sensors are 
described in, for example, U.S. Patents Nos. 5,119,025; 4,683,508; 4,413,296; 4,388,662; and 
4,164,770. In another embodiment, a standard audio head is used. 

[ 0031 ] In the illustrated embodiment, the middle section 310 of the magnetic scanhead 
300 is a permanent magnet. The permanent magnet may be constructed of any hard magnetic 
material, e.g., AlNiCo 5, 7 or 9(alnico), SmCo (samarium cobalt), NdFeB (Neodynium Iron 
Boron), etc. The permanent magnet may be used to reduce the amount of current required by the 
coil 304 to create the overall magnetic field. For example, a magnetic field of at least about 
±100 Oe is provided for the evaluation of most currency bills, according to one embodiment of 
the present invention. In this embodiment, a permanent magnet of about ±100 Oe is 
incorporated into the magnetic scanhead 300 and the coil 304 would then adjust this constant 
field according to the particular requirements for the passing bill 22 as is described below. 
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Alternatively, in other embodiments, the middle section 310 is not a magnet and the coil 304 
creates the entire field required to authenticate the passing bill 22 as described below. 

[0032] The second scanhead 320, is similar to the first scanhead 300, and comprises a 
first pole piece 321, a second pole piece 322, a middle section 330 (or spacer bar) located 
between the pole pieces 321, 322 opposite the transport path, and a coil 324 winding around the 
first pole piece 321, according to one embodiment. The power supply 326 supplies a sufficient 
current to the coil 324 to create a magnetic field in a second direction, which is opposite in 
polarity from the field created by the first scanhead 300. The second scanhead 320 further 
comprises a sensor 328 used to measure the flux of the bill 22 after being magnetized by the 
second magnetic field. According to one embodiment of the present invention, the coil 324 is 
wrapped around both the first pole piece 321 and the second pole piece 322. According to yet 
another embodiment, a second coil is wrapped around the second pole piece 322 and both the 
coil 324 and the second coil produce the desired magnetic field. 

[0033] As shown in FIG. 1, the bill 22 moving in the indicated scan or transport direction 
first approaches the first magnetic scanhead 300 which incorporates a permanent magnet as the 
middle section 310, according to one embodiment. The first magnetic scanhead 300 is used to 
saturate the magnetization of the bill 22 in a first direction. The saturation field is chosen so as 
to completely align the magnetic moment in the material in the exposed area of the bill 22 in a 
first direction. This field may be set based on the specific field required for each bill or may be 
preset to saturate every bill potentially requiring authentication. 

[0034] The permanent magnet is included in the present embodiment to reduce the 
amount of current required to produce the desired magnetic field. A permanent magnet is also 
useful in embodiments where a preset saturation field is desired. In these embodiments, the 
permanent magnet should be of sufficient strength to saturate the field of any bill that would 
potentially be inserted into the system 10. Once the bill 22 has been exposed to the saturation 
field, the magnetic sensor 308 in the first scanhead 300 measures the flux of the continuously 
moving bill 22. 

[0035] As discussed, the magnetic scanhead 300 should produce a magnetic field with a 
strength at the surface of the note that is larger than the field required to saturate the note’s 
magnetic material. Generally, a saturation field strength of at least three times larger than the 
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coercivity of the bill’s magnetic material ensures that the note becomes saturated, though this 
field strength may be reduced or increased if desired. Thus, the saturation field can range in 
strength from about 0 Oe to in excess of about 3000 Oe depending on the magnetic properties of 
the bill to be authenticated. The reverse field can range in strength from about 0 Oe to in excess 
of about 3000 Oe as well. A scanhead according to the present invention can be designed to 
cover all or part of this range. According to one embodiment, a scanhead is provided that creates 
a field from about 0 Oe to in excess of about 3000 Oe. In another embodiment, a scanhead is 
provided that creates a field from about 0-10 Oe. In another embodiment, a scanhead creates a 
field from about 10-350 Oe. In another embodiment, a scanhead creates a field from about 350- 
3000 Oe. In another embodiment, a scanhead creates a field in excess of about 3000 Oe. 

[0036] The transport mechanism continues to move the bill 22 past the first scanhead 300 
to the second scanhead 320. As discussed earlier, during and/or possibly after exposure to the 
first magnetic scanhead 300, the currency bill 22 (specifically, the magnetic material exposed to 
the field) is fully saturated such that the magnetic materials in the bill 22 are completely aligned 
in a first direction. The magnetic field produced by the second scanhead 320 should be of 
sufficient strength to reverse the magnetization direction of the genuine bill 22 (e.g., align at least 
a majority of the magnetic material in a second direction, opposite the first direction). The 
second scanhead 320 creates a field at a predetermined percentage of the genuine bill’s reverse 
saturation field (e.g., 25% saturation, 50% saturation, 60% saturation, 75% saturation, etc.). The 
field strength and percentage of the reverse saturation field are specific to the particular type and 
denomination of the bill 22. 

[0037] In an alternative embodiment of the present invention, the middle section 330 of 
the second scanhead 320 is a permanent magnet. In this embodiment, the permanent magnet in 
the second scanhead 320 would create a constant magnetic field of opposite polarity from the 
field created in the first scanhead 300. In this embodiment, the coil 324 would be used to 
increase or decrease the field strength based upon the specific parameters required for the bill 22. 

[0038] In yet another alternative embodiment of the present invention, the coil 304 is 
removed from the first scanhead 300 and only a permanent magnet is used to create the 
saturation field. In this embodiment, the permanent magnet would be chosen so as to saturate the 
magnetization of a bill regardless of the bill type or denomination. In yet another embodiment. 
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the middle section 310 is a spacer bar (instead of a permanent magnet). In this embodiment, the 
coil 304 creates the entire magnetic field required to saturate the magnetization of the bill 22. 

[0039] In another embodiment, a first array of scanheads 300 and a second arra) of 
scanheads 320 may be used. In such embodiments, the scanheads incorporated in the arrays take 
flux readings along multiple segments of the bill 22 parallel to the direction of transport of the 
bill 22. This is particularly useful where the bill 22 incorporates multiple magnetic materials or 
has multiple magnetic zones on the face of the currency bill. Where arrays are used, according 
to some such embodiments, the coils within each scanhead can adjust tine generated electric 
fields independently of the other scanheads. Thus, the arrays allow different fields to be used at 
different lateral locations across the transport path to further authenticate a bill 22. 

[0040] In another embodiment of the present invention, the arrays of scanheads are 
aligned with each other such that the area of the bill 22 which passes under a first scanhead of 
the first array, will subsequently pass under a first scanhead of the second array. Further, 
according to other embodiments, additional arrays can be added to the above magnetic detection 
system as desired. 

[0041] Referring now to FIG. 2, a method 350 for authenticating currency bills with the 
magnetic detection system 290 having first and second magnetic scanheads 300, 320, such as 
shown in FIG. 1, will be described according to one embodiment of the present invention. A 
stack of currency bills to be processed is placed in the input receptacle 12 (FIG. 3) of a currency 
processing device which includes the magnetic detection system 290. The bills are transported 
from the input receptacle, one at a time, past two or more scanheads and before being delivered 
to the output receptacle(s) 24. Turning to FIG. 2, at step 352 the denomination of each currency 
bill is determined, for example, with data received from the one or more denominating sensors 
17 (FIG. 3) or, alternatively, the denomination may be manually input. Once the bill $ 
denomination is determined, the CPU 30 (FIG. 3) adjusts the field strength of the first and 
second magnetic scanheads 300, 320 based on each bill’s determined denomination. The CPU 
30 accesses the memory 34 that contains a database of the specific magnetic field parameters for 
each denomination of currency bill the system is designed to process. The CPU 30 accesses 
these parameters at step 358 and adjusts the field strengths of magnetic scanheads 300, 320 
according to the specific parameters at step 360. The field strengths are timely adjusted such that 
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the scanheads 300, 320 produce the appropriate field as each particular bill 22 moves past each 
magnetic scanhead 300, 320. In embodiments where arrays of scanheads are used, the strength 
of the field in each of the scanheads is adjusted based on the predetermined (expected) pattern of 
the bill 22. In other words, the field strength is adjusted depending on the location of the 
individual scanhead, to account for the different magnetic materials in different locations of the 
bill 22. 

[ 0042 ] As the bill moves past the one or more authentication sensors 20 which includes 
the magnetic detection system 290, it is exposed to the saturation field, step 362, produced by the 
first magnetic scanhead 300. At step 364 the magnetic flux of the bill is measured by the 
magnetic sensor 308 as the bill 22 moves past the first magnetic scanhead 300 while the bill 22 is 
still exposed to the magnetic field. The sensor 308 outputs a signal indicative of the magnetic 
flux of the currency bill. Next, as the bill 22 continues to move along the bill transport path 309, 
the bill 22 moves past the second magnetic scanhead 320 (FIG. 1) where, at step 366, it is 
exposed to a second magnetic field of opposite polarity. The reverse polarity field has been 
previously set at step 360 according to the specific parameters of the bill at step 358 as described 
above. At step 368 the bill’s 22 flux is measured by the sensor 328 of the second magnetic 
scanhead 300 which outputs a signal indicative of the flux to the CPU 30. The bill’s 22 flux is 
measured while the bill 22 is exposed to the second magnetic field. The bill 22 continues to 
move along the transport path 309 toward the output receptacle(s). 

[ 0043 ] Upon receiving the magnetic flux measurements from each of the sensors 308, 
328 within the magnetic scanheads 300, 320, the CPU 30 evaluates the flux measurements at 
step 374. Initially, at step 376, the CPU 30 compares the flux measurement obtained at step 364 
to the flux measurement obtained at step 368 to ensure that the obtained flux measurements aie 
of opposite polarities. If the CPU 30 determines the polarities do not favorably compare (i.e., are 
not opposite), the bill is flagged as a suspect note and the CPU 30 generates an error signal at 
step 382. If, the polarities favorably compare (i.e., are opposite), the CPU 30 calculates a ratio of 
the first flux measurement (obtained by the first scanhead 300) to the second flux measurement 
(obtained by the second scanhead 320) at step 377. The ratio of the flux measurements is 
compared to the stored known ratio, at step 378, to evaluate the authenticity of the bill 22. 
According to some embodiments, the ratio is compared to a look-up table which contains the 
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standard lenovvn ratios for the various bills the system is designed to process. If the ratio of the 
flux is not the correct value for the particular bill 22, the bill 22 is flagged as a suspect document 
at step 382. If, however, the flux ratio is the correct value for the particular bill 22, the bill 22 is 
determined to be authentic at step 380. The sensitivity of the device can be adjusted by changing 
the allowed deviation between the flux ratio of the bill 22 being evaluated and the stored flux 
ratio. As the allowed deviation is reduced, the sensitivity of the device is increased. U.S. Patent 
No. 5,909,503, further discusses setting the sensitivity of a currency processing device and is 
incorporated herein by reference in its entirety. 

[0044] The above-described authentication method creates a dual verification of the 
authenticity of the bill. The first authentication occurs when it is determined that a phase change 
has occurred between the fully magnetized bill and the bill after a reverse polarity field has been 
applied. The second authentication occurs when it is determined that the flux ratio between the 
fully magnetized bill and the bill after a reversed polarity field has been applied matches the 
standard ratio for the particular currency and denomination being authenticated. The utilization 
of the flux ratio (as opposed to the individual flux determinations) allows the authentication of 
both crisp, new bills as well as old, worn, and faded bills. The individual flux measurements of a 
old, worn-down bill will be lower than a new, crisp bill of the same denomination. Thus, were 
the individual flux measurements of a worn bill to be compared to the stored known flux samples 
of a new bill, the device may flag an authentic bill as suspect because the values would be 
different. However, because the present invention evaluates the flux ratio, even as the bill 
becomes worn, the ratio remains relatively constant. This is because when a bill is worn or 
faded the signal for both the fully magnetized measurement and the reverse polarity 
measurement will be lessened in proportion to one another. 

[0045] Further, the use of a flux ratio allows more design flexibility when incorporating 
the above-described authentication method into a currency sorting device. The use of the flux 
ratio allows the transport mechanism to be located at a variety of distances from the sensors 
because, as the bill becomes further removed from the sensor, both the fully magnetized and 
reverse polarity measurements will be reduced proportionally. Thus, the use of the flux ratio 
allows for design flexibility and manufacturing error by eliminating the need for a particular, 
precise placement of the scanhead relative to the transport path. An example of magnetic 
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properties of bills that can be authenticated using the dual verification method described above, 
is illustrated in FIGS. 8-9. 

[0046] Referring now to FIG. 3, there is shown a functional block diagram of a currency 
processing system 10 adapted to incoiporate the magnetic scanheads 300, 320 or arrays of FIG. 
1, according to one embodiment of the present invention. The currency processing system 10 
includes an input receptacle 12 for receiving a stack of currency bills to be processed (e.g., 
counted, denominated, authenticated, etc.). Currency bills placed in the input receptacle 12 are 
picked out or separated, one bill at a time, and sequentially relayed by a bill transport mechanism 
14 past an evaluation region where, for example, information is sensed permitting the 
determination of the denomination and the authentication of a passing bill. The bill transport 
mechanism 14 may be any conventional transport mechanism as is know in the art, for example, 
a transport using driven and passive rollers and belts. 

[0047] According to the illustrated embodiment, the evaluation region includes a 
denominating sensor 17 and an authenticating sensor 20 for obtaining denominating information 
and authenticating information, respectively, from each currency bill 22 transported past the 
sensors. The bill 22 is then transported to one or more output receptacles 24 where processed 
bills are collected for subsequent removal. The output receptacle(s) 24 may include a pair of 
stacking wheels 126 (FIG. 6) for stacking the bills in the output receptacle(s) 24. The system 10 
includes an operator interface 36 for displaying information to an operator and/or receiving 
operator input from an operator. 

[0048] Referring also to FIG. 4, according to some embodiments the denominating 
sensor 17 comprises a pair of optical scanheads 18a and 18b for scanning optical information 
from both surfaces of a currency bill. Alternatively, a single optical sensor can be used to scan a 
single side of the bill being transported. According to other embodiments, other types of 
denomination sensors are used to determine the denomination of the bill 22. 

[0049] According to the embodiment illustrated in FIG. 4, the upper (as viewed in FIG. 
4) optical scanhead 18a scans a surface of the bill 22 and the lower (as viewed in FIG. 4) optical 
scanhead 1 8b scans an opposite surface of the bill 22. Each optical scanhead 1 8a, b comprises a 
pair of light sources 52, such as light emitting diodes (LEDs), that direct light onto the bill 
transport path so as to illuminate a substantially rectangular light strip 44 upon a currency bill 22 
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positioned on the transport path adjacent the scanhead 18. Light reflected off the illuminated 
strip 44 is sensed by an optical sensor 56 (e.g., a photodetector, a CCD, etc.) positioned between 
the two light sources 52. The analog output of the optical sensor 56 is converted into a digital 
signal by an analog-to-digital converter (ADC) 58 that outputs a digital signal to the CPU 30. 
The CPU 30 uses the digitized signal in conjunction with stored master denominating 
information or data to determine the denomination of a bill. For example, according to some 
embodiments, the CPU 30 compares the digitized signal to stored digitized signals obtained for 
know genuine bills to determine the denomination of the currency bills. 

[0050] Referring to FIG. 3, according to the illustrated embodiment, the bill transport 
path is defined in such a way that the transport mechanism 14 moves currency bills 22 with the 
narrow dimension of the bills 22 parallel to the transport direction. Alternatively, the bills 22 
could be moved with the wide dimension of the bills 22 parallel to the transport path. In the 
embodiment of FIG. 4, as a bill 22 traverses the denominating sensor 17, the light strip 44 
effectively scans the bill across the narrow dimension of the bill 22. In the depicted 
embodiment, the transport path is arranged so that a currency bill 22 is scanned across a central 
section of the bill 22 along its narrow dimension. Alternatively, according to one embodiment of 
the present invention, the transport mechanism 14 moves currency bills 22 with the wide 
dimension of the bills 22 parallel to the transport path and the scan direction. According to 
another embodiment of the present invention, the bill 22 is scanned across a non-central section, 
such as, for example, the edge or comer regions. According to another embodiment, the bill 22 
is scanned along multiple regions and/or in multiple sections. According to yet another 
embodiment, the bill 22 is scanned over its entire width and/or length. 

[0051] Each scanhead 18 detects light reflected from the bill 22 as it moves across the 
illuminated light strip 44 and to provide an analog representation of the variation in reflected 
light, which, in turn, represents the variation in the dark and light content of the printed pattern or 
indicia on the surface of the bill 22. This variation in light reflected from the narrow dimension 
scanning of the bills serves as a measure for distinguishing, with a high degree of confidence, 
among a number of currency types and denominations that the system is programmed to process. 
The use of this type of scanning is described in U.S. Patent Nos. 5,815,592 and 5,687,963, which 
are incorporated herein by reference in their entirety. 
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[0052] According to some embodiments, the system is also capable of “learning” master 
denominating information when an operator processes the required number of genuine notes. 
This type of neural-network “learning” is well known in the art, and need not be detailed further 
for this particular invention. The use of neural-network learning is more thoroughly described in 
U.S. Patent Nos. 6,072,565; 6,237,739; and 6,241,069, which are incorporated herein by 
reference in their entirety. 

[0053] In other embodiments, the denominating sensor may only include a single 
scanhead 18a or 18b for scanning one surface of a bill. In other alternative embodiments of the 
present invention, additional sensors replace or are used in conjunction with the optical 
scanheads 18a,b in the system 10 to analyze, authenticate, denominate, count, and/or otherwise 
process currency bills. For example, size detection sensors, magnetic sensors, thread sensors, 
and/or ultraviolet/fluorescent/infrared light sensors may be used in the currency processing 
device 10 to evaluate currency bills. The use of these types of sensors for currency evaluation 
are described in U.S. Patent No. 5,790,697, which is incorporated herein by reference in its 
entirety. Further, a fitness sensor that may be used in connection with the currency processing 
system of FIG. 3 is described in U.S. Patent Publication No. US2003/0168308 Al, entitled 
“Currency Processing System With Fitness Detection,” which is incorporated herein by reference 
in its entity. 

[0054] In alternative applications, wherein the operator expects that all the bills 22 are of 
the same denomination, and desires to simply authenticate and/or count the stack of currency 
bills 22, the operator may input the denomination of the bills to be processed via the operator 
interface 36. In this embodiment, any bill not of the expected denomination would be flagged as 
a stranger bill. 

[0055] Referring now to FIG. 5, there is shown a functional block diagram of a currency 
processing system 410 adapted to incorporate the magnetic scanheads 300, 320 or arrays of FIG. 
1, according to one embodiment of the present invention. The currency processing system 410 
includes an input receptacle 412 for receiving a stack of currency bills to be processed (e.g., 
counted, denominated, authenticated, etc.). Currency bills placed in the input receptacle 412 are 
picked out or separated, one bill at a time, and sequentially relayed by a bill transport mechanism 
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414. The bill transport mechanism 414 may be any type of transport mechanism as is know in 
the art, for example, a transport using driven and passive rollers and belts. 

[0056] The transport mechanism 414 transports a bill 422 past an authenticating sensor 
420. The authenticating sensor 420 is for obtaining authenticating characteristic information 
from each currency bill 422 transported past the sensors. The authenticating sensor 420 may be 
adapted to incorporate scanheads 300 and 320. The bill 422 is then transported to one or more 
output receptacles 424 where processed bills are collected for subsequent removal. The system 
410 includes an operator interface 436 for displaying information to an operator and/or receiving 
operator input from an operator. 

[0057] According to the illustrated embodiment, the bill transport path is defined in such 
a way that the transport mechanism 414 moves currency bills 422 with the narrow dimension of 
the bills 422 parallel to the transport direction. Alternatively, the bills 422 could be moved with 
the wide dimension of the bills 422 parallel to the transport path. 

[0058] Referring to FIG. 6, there is shown a currency processing device 100 having a 
single output receptacle that may incorporate the currency processing system 10 of FIG. 3 or the 
currency processing system 410 of FIG. 5. The currency processing device 100 having a single 
output receptacle is commonly referred to as a single-pocket device. The single-pocket device 
100 includes an input receptacle 1 12 for receiving a stack of currency bills to be processed. The 
currency bills in the input receptacle 112 are picked out or separated, one bill at a time, and 
sequentially relayed by the bill transport mechanism 14 (FIG. 3) past one or more sensors. The 
scanned bill 22 is then transported to an output receptacle 124, which may include a pair of 
stacking wheels 126, where processed bills are stacked for subsequent removal. The single- 
pocket device 100 includes an operator interface 136 with a display 138 for communicating 
information to an operator of the device 100, and buttons 139 for receiving operator input. In 
alternative embodiments, the operator interface 136 may comprise a touch-screen-type interface. 
Additional details of the operational and mechanical aspects of the single-pocket device 100 are 
described in U.S. Patents Nos. 5,295,196 and 5,815,592, each of which is incorporated herein by 
reference in its entirety. According to various alternative embodiments, the currency processing 
device 10 is capable of processing, including denominating the bills, from about 600 to over 
1500 bills per minute. 
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[0059] The single-pocket device 100 is compact and designed to be rested on a tabletop. 
The device 100 of FIG. 6 has a height (H,) of about 9 '/ 2 inches (about 24 cm), a width (W,) of 
about 11-15 inches (about 28-38 cm), and a depth (D,) of about 12-16 inches (about 30-40 cm), 
which corresponds to a footprint ranging from about 130 in (about 850 cm 2 ) to about 250 in 
(about 1600 cm 2 ) and a volume ranging from about 1200 in ’ (about 20,000 cm 3 ) to about 2300 
in 3 (about 38,000 cm 3 ). 

[0060] Referring now to FIG. 7, the currency processing system 10 of FIG. 3 or the 
currency processing system 410 of FIG. 5 may be incorporated into a currency processing device 
having more than one output receptacle in alternative embodiments of the present invention. For 
example, a currency processing device 200 having two output receptacles (e.g., a two-pocket 
device )_ a f irs t output receptacle 124a and a second output receptacle 124b— may incorporate 
magnetic sensors in accordance with the present invention. Generally, the two-pocket device 200 
operates in a similar manner to that of the single-pocket device 100 (FIG. 6), except that the 
transport mechanism of the two-pocket device 200 transports the bills from an input receptacle 
212 past one or more sensors (e.g., the sensor 20 of FIG. 3) to either of the two output 
receptacles 124a, 124b. 

[0061] The two output receptacles I24a,b may be utilized in a variety of fashions 
according in various applications. For example, in the processing of currency bills, the bills may 
be directed to the first output receptacle 124a until a predetermined number of bills have been 
transported to the first output receptacle 124a (e.g., until the first output receptacle 124a reaches 
capacity or a strap limit) and then subsequent bills may be directed to the second output 
receptacle 124b. In another application, all bills are transported to the first output receptacle 
124a except those bills triggering error signals such as, for example, “no call” and “suspect 
document” error signals, which are transported to the second output receptacle 124b. The two- 
pocket device 200 includes operator interface 236 for communicating with an operator of the 
two-pocket device 200. Further details of the operational and mechanical aspects of the two- 
pocket device 200 are detailed in U.S. Patents Nos. 5,966,546; 6,278,795; and 6,3 1 1,819; each of 
which is incorporated herein by reference in its entirety. 

[0062] The two-pocket device 200 is compact having a height (H 2 ) of about 17 V 2 inches 
(about 44 cm), a width (W 2 ) of about 13 'A inches (about 34 cm), and a depth (D 2 ) of about 15 
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inches (about 38 cm), and weighs approximately 35 lbs. (about 16 kg). The two-pocket device 
200 is compact and is designed to be rested upon a tabletop. The two-pocket device 200 has a 
footprint of less than about 200 in” (about 1300 cm 2 ) and occupies a volume of less than about 
3500 in 3 (about 58,000 cnT). 

[0063] In yet other alternative embodiments of the present invention, the currency 
processing system 10 of FIG. 3 or the currency processing system 410 of FIG. 5 may be 
implemented in a currency processing device having more than one output receptacle or more 
than two-output receptacles. Examples of currency processing devices having three, four, five, 
and six output receptacles are described in U.S. Patents Nos. 6,398,000 and 5,966,456, each of 
which is incorporated herein in its entirety; as well as in U.S. Patent Application Publication No. 
20050029 168A1, entitled “Apparatus and Method for Processing Documents Such as Currency 
Bills’) which is incorporated herein by reference in its entirety. 

[0064] While the embodiments discussed in this patent have focused on the 
authentication of currency bills, the inventors recognize that this invention is equally applicable 
to the authentication of any article having a magnetic security feature, such as, for example, 
banking documents, travel documents, checks, deposit slips, coupons and loan payment 
documents, food stamps, cash tickets, savings withdrawal tickets, check deposit slips, savings 
deposit slips, traveler checks, lottery tickets, casino tickets, passports, visas, driver licenses, 
and/or all other documents utilized as a proof of deposit at financial institutions. 

[0065] Referring now to FIGS. 8-9, two examples of hysteresis curves are illustrated to 
assist in understanding the dual verification authentication method. In FIG. 8, the hysteresis 
curve for a first magnetic document is shown, while the hystersis curve for a second magnetic 
document is shown in FIG. 9. As is standard with hysteresis curves, the Y-axis represents the M 
(the magnetization of the material in or on the document) and the X-axis represents H (the 
intensity of the applied magnetic field). 

[0066] As discussed above, the first scanhead 300 (FIG. 1) is used to create a field in a 
first direction to completely saturate the magnetic material in a document. The magnetization of 
the saturated materials is illustrated by point A along the curves. As can be seen, a greater field 
intensity, H, is required to saturate the second magnetic document (FIG. 9), but the intensity of 
the field produced by the first scanhead 300 can be assumed to be large enough to saturate both 
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documents. As illustrated, the distance from the X-axis to point A in both FIGS. 8-9 is 3Y, 
which represents the magnetization of the materials at saturation. 

[00671 After the first scant, end 300 saturates the magnetic material, the second scanhead 
320 is used to create a field in a second direction. As illustrated the second scanhead 320 creates 
a field of intensity X,. The magnetization of the materials at intensity X, is illustrated by point B 
along fire curves. The distance from the X-axis to point A in FIG. 8 is 3Y, while the distance is 
3Y 2 in FIG. 9. Similarly, the distance from the X-axis to point B in FIG. 8 is Y, while the 
distance is Yr in FIG. 9. However, as can be seen in FIGS. 8-9, the magnetization of the 
materials in the first document and the second document at point B are in opposite directions. 

[0068J FIGS. 8-9 illustrate the importance of ensuring that the polarities of the flux aftei 
the document’s exposure to the first field and the second field are opposite. As illustrated, were 
only the ratio of point A to point B to be calculated, both documents would be determined to be 
identical, though as is clearly illustrated, the documents have disparate magnetic properties. 
However, the documents can easily be evaluated as being different when the polarities at point B 
are compared. 

[0069] While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and described in 
detail herein. It should be understood, however, that it is not intended to limit the invention to 
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the 
appended claims. 
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Claims 


1. A currency processing device having an input receptacle adapted to receive a 
stack of bills to be processed and a transport mechanism adapted to transport bills, one at a time, 

5 from the input receptacle along a transport path to at least one output receptacle, the device 
comprising: 

a denominating sensor disposed along the transport path adapted to obtain 
denominating characteristic information from each of the bills; 

a memory adapted to store master denominating characteristic information and 
10 master authentication information; 

a first magnetic scanhead disposed along the transport path downstream from the 
denominating sensor, the first magnetic scanhead being adapted to create a first magnetic field 
for saturating the magnetization of an area on each of the bills; 

a second magnetic scanhead disposed along the transport path downstream from 
15 the first magnetic scanhead, the second magnetic scanhead being adapted to create a second 
magnetic field of variable intensity, the second magnetic field being of opposite polarity from the 
first magnetic field; and 

a processor being adapted to receive the denominating characteristic information 
from the denominating sensor, the controller being adapted to determine the denomination of 
20 each of the bills when the obtained denominating characteristic information favorably compares 
to the stored master denominating characteristic information, the controller being adapted to 
adjust the second magnetic field intensity based on the determined denomination of each of the 
bills. 

2. The currency processing device of claim 1, wherein the first magnetic scanhead 
25 includes a first sensor for measuring the magnetic flux of the area on each of the bills in response 

to the first magnetic field and the second magnetic scanhead includes a second sensor for 
measuring the flux of the area on each of the bills in response to the second magnetic field. 

3. The currency processing device of claim 2, wherein the controller is adapted to 
determine a flux ratio of the first magnetic flux measurement to the second magnetic flux 

30 measurement. 
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4. The currency processing device of claim 3, wherein the controller is adapted to 
compare the determined flux ratio for each of the bills to the stored master authentication 
information. 

5. The currency processing device of claim 4, wherein the controller is adapted to 
5 authenticate each of the bills when the determined flux ratio favorably compares to the stored 

master authentication information. 

6. The currency processing device of claim 4, wherein the controller is adapted to 
generate an error signal when the determined flux ratio docs not favorably compare to the stored 
master authentication information. 

10 7. A currency processing device having an input receptacle adapted to receive a 

stack of bills to be processed and a transport mechanism adapted to transport bills, one at a time, 
from the input receptacle along a transport path to at least one output receptacle, the device 
comprising: 

a means for determining the denomination of each of the bills; 

15 a first magnetic scanhead disposed along the transport path, the first magnetic 

scanhead being adapted to create a first magnetic field for saturating the magnetization of an area 
on each of the bills, the first magnetic scanhead including a first sensor for measuring the flux of 
each of the bills in response to the first magnetic field; 

a second magnetic scanhead disposed along the transport path downstream from 
20 the first magnetic scanhead, the second magnetic scanhead being adapted to create a second 
magnetic field of variable intensity, the second magnetic field being of opposite polarity from the 
first magnetic field, the second magnetic scanhead including a second sensor for measuring the 
flux of each of the bills in response to the second magnetic field, the second magnetic scanhead 
being adjustable to vary the intensity of the magnetic field; 

25 a memory adapted to store master field strength information and master 

authentication information; 

a controller being adapted to determine the required field strength of be second 
magnetic field by comparing the determined der nomination to the master fie:-, strength 
information, the controller being adapted to adjust the second magnetic field intensity based on 
30 the required field strength determination, the controller is adapted to determine a flux ratio of the 
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first magnetic flux measurement to the second magnetic flux measurement, the controller being 
adapted to compare the determined flux ratio for each bill to the stored master authentication 
information. 

8. The currency processing device of claim 7, wherein the controller is adapted to 
5 authenticate each of the bills when the determined flux ratio favorably compares to the stored 

master authentication information. 

9. The currency processing device of claim 7, wherein the controller is adapted to 
generate an error signal when the determined flux ratio does not favorably compare to the stored 
master authentication information. 

10 10. A method for determining the authenticity of currency bills with a currency 

processing device, the currency processing device adapted to determine the denomination of 
each of the currency bills, the method comprising: 

transporting each of the currency bills past a first magnetic scanhead and a second 
magnetic scanhead located downstream from the first magnetic scanhead, the first magnetic 

15 scanhead including a first sensor, and the second magnetic scanhead including a second sensor; 

creating a first magnetic field for saturating the magnetization of an area on each 

of the bills; 

measuring with the first sensor the magnetic flux of the area on each of the bills in 
response to the first magnetic field; 

20 adjusting the intensity of the second magnetic field based on the denomination of 

each of the currency bills, the second magnetic field being of opposite polarity from the first 
magnetic field; 

measuring with the second sensor the magnetic flux of the area on each of the 
bills in response to the second magnetic field: and 

25 determining a flux ratio of the first magnetic flux measurement to the second 

magnetic flux measurement. 

1 1 . The method of claim 10 further comprising providing a controller being adapted 
to adjust the second magnetic field intensity based on the determined denomination of each of 
the bills and to determine the flux ratio of the first magnetic flux measurement to the second 


30 magnetic flux measurement. 
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12. The method of claim 11 further comprising comparing the determined flux ratio 
for each of the bills to stored master authentication information, the controller performing the 
comparison. 

13. The method of claim 12, further comprising deeming the bill authentic when the 
5 determined flux ratio is favorably compared to the stored master authentication information. 

14. The method of claim 12, further comprising generating an error signal when the 
determined flux ratio does not favorably compare to the stored master authentication 
information. 

15. The method of claim 10 wherein the first magnetic scanhead is contained in a first 
10 array of magnetic scanheads and the second magnetic scanhead is contained in a second array of 

magnetic scanheads. 

16. The method of claim 15 wherein the first array of magnetic scanheads and the 
second array of magnetic scanheads are capable of scanning the entire width of the bill. 

17. The method of claim 15 wherein the first array of magnetic scanheads and the 
1 5 second array of magnetic scanheads are capable of scanning the entire length of the bill. 

18. A currency processing device having an input receptacle adapted to receive a 
stack of bills to be processed and a transport mechanism adapted to transport bills, one at a time, 
from the input receptacle along a transport path to at least one output receptacle, the device 
comprising: 

20 a denominating sensor disposed along the transport path adapted to obtain 

denominating characteristic information from each of the bills; 

a memory adapted to store master denominating characteristic information and 
master authentication information; 

a first array comprising a plurality of magnetic scanheads, the first array being 
25 disposed along the transport path downstream from the denominating sensor, the plurality of 
scanheads being adapted to create at least one first magnetic field for saturating the 
magnetization of an area on each of the bills; 

a second array comprising a plurality of magnetic scanheads, the second array 
being disposed along the transport path downstream from the first magnetic scanhead, the 
30 plurality of magnetic scanheads being adapted to create at least one second magnetic field of 
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variable intensity, the at least one second magnetic field being of opposite polarity from the at 
least one first magnetic field; and 

a controller being adapted to receive the denominating characteristic information 
from the denominating sensor, the controller being adapted to determine the denomination of 
each of the bills when the obtained denominating characteristic information favorably compares 
to the stored master denominating characteristic information, the controller being adapted to 
adjust the second magnetic field intensity in each of the magnetic scanhead contained in a second 
array of magnetic scanheads based on the determined denomination of each of the bills and 
location of the magnetic area in the hill. 

19. The currency processing device of claim IS, wherein the plurality of magnetic 
scanheads of the first array each have a first sensor for measuring the magnetic flux of the area 
on each of the bills in response to the first magnetic field and the plurality of magnetic scanheads 
of the second array each have a second sensor for measuring the flux of the area on each of the 
bills in response to the second magnetic field. 

20. The currency processing device of claim 19, wherein the controller is adapted to 
determine a flux ratio of the first magnetic flux measurements to the second magnetic flux 
measurements in each of the magnetic areas of the bill. 

21 . The currency processing device of claim 19, wherein the controller is adapted to 
compare the determined flux ratios for each of the bills to the stored master authentication 
information. 

22. The currency processing device of claim 20, wherein the controller is adapted to 
authenticate each of the bills when the determined flux ratios favorably compare to the stored 
master authentication information. 

23. The currency processing device of claim 21, wherein the controller is adapted to 
generate an error signal when the determined flux ratios do not favorably compare to the stored 
master authentication information. 

24. A magnetic detection system for authenticating a document, the magnetic 
detection system comprising: 

a first magnetic scanhead being adapted to create a first magnetic field for 
saturating the magnetization of an area on each of the bills; 

-25- 
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a second magnetic scanhead , deluding an electromagnet, the electromagnet bemg 
capable of creating a second magnetic field of adjustable intensity, the second magnet, c field 

being of opposite polarity from the first magnetic field; 

wherein the intensity of the second magnetic field is adjusted by changmg the 
5 amount of current supplied ,0 the electromagnet, wherein rhe amount of current supphed to the 
electromagnet is based upon a characteristic of the document to be authenticated. 

os The magnetic detection system of claim 24, further compnsmg a controller bemg 
adapted'io adjust the second malefic fieid by changing the amount of current supphed to the 
IJtromagnet, wherein the controller adpsts the supphed current based on .be character, she of 

10 the document to be authenticated. 

eg The magnetic detection system of claim 24. wherein the magnefic de.echon 

system is incorporated into a currency processing device. 

’ 27. The magnetic detection system of claim 26, wherein the characterise 

document is a predetermined magnetic pattern of an authentic document. 

15 28. The magnetic detection system of claim 27, wherein the document is a currency 

29. The magnetic deteetton system of claim 24, wherein the characteristic of the 

document is a predetermined magnetic pattern of an authentic document 

30 The magnetic detection system of claim 24, wherein the second magnet, c 
20 scanhead includes a permanent magnet adapted to supply a portion of the second 

31 The magnetic detection system of claim 24, wheretn the second magnetic 

scanhead is adapted ,0 create a field from about OOe to about 3000 Oe. 

32 The magnetic detection system of claim 31, wherein the second magnefic 
scared includes a permanent magnet adapted ,0 supply a portion of the field from about 0 Oe 

25 toabout^OOOCfe system of clajm 24 , wherein the second magnetic 

scanhead is adapted to create a field from about 0 Oe to about 10 Oe. 

34 The magnetic detection system of claim 33, wherein the scanhead tncludes a 
permanent magnet adapted to supply a portion of the field from about OOe, o about iOOe. 
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35. The magnetic detection system of claim 24, wherein, the second magnetic 
scanhead is adapted to create a field from about 10 Oe to about 350 Oe. 

36. The magnetic detection system of claim 35, wherein the second magnetic 
scanhead includes a permanent magnet adapted to supply a portion of the field from about 1 0 Oe 

5 to about 350 Oe. 

37. The magnetic detection system of claim 24, wherein the second magnetic 
scanhead is adapted to create a field from about 350 Oe to about 3000 Oe. 

38. The magnetic detection system of claim 37, wherein the second magnetic 
scanhead includes a permanent magnet adapted to supply a portion of the field from about 350 

10 Oe to about 3000 Oe. 

39. The magnetic detection system of claim 24, wherein the second magnetic 
scanhead is adapted to create a field in excess of about 3000 Oe. 

40. The magnetic detection system of claim 39, wherein the second magnetic 
scanhead includes a permanent magnet adapted to supply a portion of the field in excess of about 

15 3000 Oe.. 

41. A magnetic scanhead for sensing a flux measurement of a document being 
transported past the scanhead, comprising: 

a first pole piece perpendicular to the transport direction; 

a second pole piece perpendicular to the transport direction and parallel to the first 

20 pole piece; 

a middle section located between the first pole piece and the second pole piece; 
a coil having a conductive core and an insulating material, the coil being twisted 
around at least a portion of the first pole piece, the coil having a plurality of ends; 

at least one power supply wherein the plurality of ends of the coil are electrically 

25 connected to the power supply, the power supply being adapted to supply an adjustable and 
reversible D.C. electric current to the coil; 

a sensor between the first pole piece and the second pole piece, the sensor being 
adapted to sense the flux measurement of the document being transported. 

42. The magnetic scanhead of claim 41, wherein the middle section is a permanent 

30 magnet. 
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43. The magnetic scanhead of claim 41, wherein the coil is twisted around both a 
portion of the first pole piece and a portion of the second pole piece. 

44. The magnetic scanhead of claim 41, further comprising: 

a second coil having a conductive core and an insulating material, the second coil 
5 being twisted around at least a portion of the first pole piece, the second coil having a plurality of 

ends. 

45. The magnetic scanhead of claim 44, wherein the plurality of ends of the second 
coil are electrically connected to the power supply. 

46. The magnetic scanhead of claim 44, wherein the plurality of ends of the second 

1 0 coil are electrically connected to a second power supply the second power supply being adapted 

to supply an adjustable and reversible D.C. electric current to the second coil. 

47. The magnetic scanhead of claim 39, wherein the first pole piece is composed of a 
soft magnetic material. 

48. The magnetic scanhead of claim 45, wherein the soft magnetic material is cold- 
1 5 rolled steel. 

49. The magnetic scanhead of claim 47, wherein the soft magnetic material is 
permalloy. 

50. The magnetic scanhead of claim 47, wherein the soft magnetic material is 
mumetal. 

20 51. The magnetic scanhead of claim 41 , wherein the first pole piece is composed of a 

permanent magnetic material. 

52. The magnetic scanhead of claim 41, wherein the coil and power supply provide 
the magnetic scanhead with between about 0.0 amp-turns to about 0.1 amp-turns. 

53. The magnetic scanhead of claim 41, wherein the coil and power supply provide 
25 the magnetic scanhead with between about 0. 1 amp-tums to about 2 amp-turns. 

54. The magnetic scanhead of claim 41, wherein the coil and power supply provide 
the magnetic scanhead with greater than about 2 amp-tums. 

55. The magnetic scanhead of claim 41, wherein the sensor is a magnetoresistive 

sensor. 

50 The magnetic scanhead of claim 41 , wherein the sensor is an audio head. 
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